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III. RESULTS AND DISCUSSION
Sagami bay footage.
Three displacing species were identified as the most recurrent: Zoarcid fishes 
(eelpouts), red crabs (Paralomis multispina), and snails (Buccinum soyomaruae)
Double-plot actograms referring to the number of observed moving eelpouts, 
crabs, and snails are presented in Figure 3. Complex rhythmic patterns appeared 
with varying strengths in the corresponding time series, being especially(?) 
marked in fishes (Figure 3A). As revealed by the program analysis (Figure 3B), 
eelpout rhythmic behaviour presented a periodicity of 1049 minutes (equal to 
17.5 hours), fitting inertial currents frequency.
OBSEA footage.
The automated protocol efficiently detected a variable number of fish speci-
mens over consecutive frames. These data can be efficiently represented as a 
time series (Fig. 2C). 
IV. CONCLUSIONS
The understanding of ecosystem dynamics in the sea is to date still constrained 
by datasets This situation is rapidly changing as systems that provide high-qual-
ity long-duration datasets are deployed. The analysis presented in our work can 
be potentially performed on diverse video sources form very different depth 
environments, where permanent stations are acquiring (or may acquire in the 
future) footage of very long duration spanning months or years. 
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Fig. 3. Double-plot actograms (A; vertical dashed line is the 24-h based limit) 
and outputs of periodogram analysis (B).
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I. INTRODUCTION
The levels of environmental light experienced by animals during their phases 
of behavioural activity determine the type of experienced interspecific interac-
tions [1]. The form and colour of an organism constrains its use of ecosystem 
resources. At the same time, resource accessibility contributes to the construc-
tion of its form. That process occurs via evolution through the confrontation of 
individuals with important ecological tasks such as feeding, mating, displace-
ment, and predatory evasion [2].
The squat lobster, Munida tenuimana, is an ecologically key crustacean decapod 
of the Mediterranean slope [3]. Autoecological traits in relation to behaviour 
and population distributions are poorly understood. A curious depth-related 
variation in size has been reported [4]; smaller individuals are located at 900 m, 
while larger individuals occur both above (400-600 m) and below (1000-1500 m) 
Fig. 1: Software output of the spectral and colour analysis via hyperspectral 
imaging of the ROI in Munida.
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that depth. Curiously, 900-1000 m depth corresponds to the lower border of the 
twilight zone in the Mediterranean Sea [5].
In this work, we propose the use of geometric morphometry and hyperspec-
tral imaging applications to ask whether distribution of sizes above and below 
the twilight zone is significantly associated to variation in a suite of selected 
morphological characters and-or colour pattern. We also coupled the mor-
phological surveys with the analysis of sequence variation in a fragment of the 
mitochondrial DNA (mtDNA) region encoding for the subunit I of NADH dehy-
drogenase gene (ND1) to test for any potential bathymetric subdivision in the 
population structuring.
II. MATERIALS AND METHODS
During the PROMETEO field surveys onboard of the R/V “García del Cid” trawl 
sampling was carried out at different depths. Sample sizes (N) varied with local 
population abundances and were the following: >700 m, N=62; 900-1050 m, 
N=11; 1200 m, N=24; 1350 m, N=72; 1500 m, N=60.
All animals were photographed with a Nikon Coolpix P600 providing high reso-
lution (13.5 real MP) TIFF 8bit image (from RAW format). Manual white balance 
control, exposure and metering methods, were enabled. ISO sensibility was set 
to 100 to avoid noise appearance. The GretaMachbeth ColorChecker 24 patch 
was used as reference standard. MATLAB 7.1 R14 was used to perform an image 
calibration based on PLS (Partial Least Square) supervised multivariate model-
ling [6].
Future studies (results not yet available) will focus on:
-Shape analysis through geometric morphometric survey on 35 carapace land-
marks
-Colour pattern warping on photographs
Colorimetric and spectral data were acquired through an optical system able to 
capture the image over a wide wavelength range (i.e. 400-975 nm) and return-
ing data with 5 nm step, following the CIE L*a*b* colorimetric standards and 
spectral values. The spectral system was made with 4 components: a sample 
transportation plate (Spectral Scanner DV, Padova, Italy); a collimated illumina-
tion device (Fiber-lite) made by a 150 W halogen lamp (the light source); one 
illumination opening in optical fibre of 200 mm long and 2 mm width, using the 
standard illumination-optical device geometry β45/0 in relation to the trans-
portation plate (i.e. bearing the sample) and presenting a minimum light diver-
gence; an imaging spectrograph (ImSpec V10-Specim Ltd., Oulu, Finland) cou-
pled with a standard C-mount zoom lens and a Teli CCD monochrome camera.
Hyperspectral imaging characterization [7] of colorimetric and spectral data 
on a Region Of Interest (ROI) of animals from different depth groups was car-
ried out by selecting a posterior part of the carapace. Animals were grouped 
with Partial Least Squares Discriminant Analysis (PLSDA; [8]) (Fig.1). Prior PLSDA 
analysis, the dataset was pre-processed with the ‘mean centre’ algorithm and 
divided into 75% to build the model (calibrated and validated) and 25% for the 
independent test set.
A 315 base pair (bp) fragment of the mtDNA ND1 gene was PCR amplified and 
sequenced in a subset of 96 individuals (400m N=5; 700m N=17; 900m N=6; 
1050m N=6; 1200m N=19; 1350m N=19; 1500m N=20). Finally, four individuals 
from a far away location (Gulf of Alicante) were sequenced to test for levels of 
genetic variation at increasing geographical scale. SAMOVA [9] was used to test 
for population structuring without any a priori grouping of samples. 
III. RESULTS AND DISCUSSION
Hyperspectral imaging results on colorimetric and spectral data are reported 
in Tab. 1 It is possible to observe that, with respect to the probability of ran-
dom assignment of an individual into a depth unit (20%), the percentage of cor-
rect classification of the independent test set, was very high for Spectral data 
(83.64%) and for Colour data (62.45%). 
Moreover the colour data (expressed in the CIE L*a*b* values) showed signifi-
cant differences between <900 m / 900-1050 m / and >1100 m, meanwhile the 
three depth units 1200/1350/1500 m appeared as non-significantly different.
MtDNA data revealed eight unique haplotypes largely shared across sampled 
locations. Overall level of genetic divergence was low (FST= -0.05; P n.s.) sug-
gesting extensive gene flow. However, SAMOVA showed that the most likely 
population structure was that with samples grouped according to the depth of 
origin (FCT = 0.152; P < 0.05).
In this study, we showed how the combination of novel and diverse techno-
logical tools could be efficiently used to approach problems such as behaviour 
and structuring of populations subjected to decreasing levels of environmental 
light.
IV. CONCLUSIONS
The problem of colouration in marine invertebrates has been mostly studied 
in pelagic species leaving this field poorly explored for demersal species [10]. 
The successful application of hyperspectral imaging techniques to the study 
of emitted colouration and spot patterning in decapods will contribute to the 
understanding of constrains to their population distributions in continental 
margins in relation to light availability. The joint analysis of selectively neutral 
molecular markers will help in understanding the relative importance of popu-
lation stochastic processes (i.e. larvae dispersal) over local adaptive phenomena.
V. ACKNOWLEDGEMENTS
This work was funded by the project PROMETEO (CICYT; CTM 2007-66316-C02-
02/MAR) and by the project High-Vision (DM 19177/7303/08) from the Italian 
Ministry of Agricultural, Food and Forestry Politics.
REFERENCES
[1] J. Aguzzi, C. Costa, F. Antonucci, J.B. Company, P. Menesatti, F. Sardà, Influence of rhythmic 
behaviour in the morphology of Decapod Natantia, 2009, Biol. J. Linn. Soc. 96:517–532.
[2] B. Leisler, H. Winkler, Ecomorphology, 1985. In: Johnston RF, editor. Current Ornithology. Vol. 
2. New York: Plenum Press. pp155-186.
[3] P. Abelló, J.F. Valladares, A. Castellón, Analysis of the structure of decapod crustacean assem-
blages off the Catalan coast (North-West Mediterranean), 1988, Mar. Biol. 98:39-49.
[4] Company (1991). Reproduction pattern of deep water crustacean  decapods in the Western 
Mediterranean. Ph.D. Thesis dissertation. University of Barcelona (UB).
[5] Margalef, R. (1986). “Ecología”. Ediciones Omega, Barcelona
[6] C. Costa, C. Angelini, M. Scardi, P. Menesatti, C. Utzeri, Using image analysis on the ventral 
colour pattern in Salamandrina perspicillata (Savi, 1821) (Amphibia, Salamandridae) to dis-
criminate among populations, 2009, Biol. J. Linn. Soc. 96:35-43.
[7] P. Menesatti, S. D’Andrea, C. Costa, Spectral and thermal imaging for meat quality evalua-
tion, 2007 In: New developments in evaluation of carcass and meat quality in cattle and sheep. 
C. Lazzaroni, S. Gigli, D. Gabina (Eds.). Wageningen Academic Publishers ISSN 0071–2477. EAAP 
123: 115–134.
[8] P. Menesatti, C. Costa, G. Paglia, F. Pallottino, S. D’Andrea, V. Rimatori, J. Aguzzi, Shape-based 
methodology for multivariate discrimination among Italian hazelnut cultivars, 2008, Biosys. 
Eng. 101(4):417-424.
[9] I. Dupanloup, S. Schneider, L. Excoffier, A simulated annealing approach to define the genetic 
structure of populations, Mol. Ecol. 11: 2571-2581.
[10] P.J. Herring, H.S.J. Roe, The photoecology of pelagic oceanic decapods, 1988 Symp. Zool. 
Soc. Lond. 59:263–290.
(left) Tab. 2: Characteristics and principal results of the PLSDA models per-
formed on Colour and Spectra amplings carried out at 5 depths (Y.block). N is 
the number of samples. n° LV is the number of latent vectors for each model. 
Random Probability (%) is the probability of random assignment of an indi-
vidual into a depth unit.
                                                                                                 Colour Spectra
N 232 232
n° LV 2 16
% Cumulated Variance X-block 91.81 99.98
Mean Specificity (%) 62.26 90.64
Mean Sensitivity (%) 76.26 93.32
Mean RMSEC 0.41 0.33
Random Probability (%) 20 20
Mean % Corr. Class. Model 49.42 87.28
Mean % Corr. Class. Test 62.45 83.64
